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Summary Introduction: There is scant data on the risk factors of sleep-disordered
breathing (SDB) in the general population in Asian countries.
Methods: Cross-sectional survey of a random population sample of 2298 adults
aged 20–75 years, stratified by gender, ethnicity (Chinese, Malay and Indian) and
age. An interviewer-administered questionnaire was used to elicit responses to
questions on daytime somnolence and nocturnal events. Three categories of SDB
were defined for analysis: habitual snoring; apnoeic snoring (SDB I); and apnoeic
snoring or snoring with diurnal hypersomnia (SDB II).
Results: Snoring was reported by 201 persons (6.8%), SDB-I in 44 (1.9%) and SDB-II
in 112 (4.9%) in the sample. The adjusted odds ratio (95% C.I.) of association with
snoring were: male gender, 3.79 (2.69–5.33); older age (460 years old), 2.15 (1.41–
3.29); Indian versus Chinese, 1.54 (1.05–2.25); family history, 2.21 (1.56–3.12);
obesity (BMI430), 2.64 (1.62–4.30); neck circumference (440 cm), 2.57 (1.59–
4.11); and cigarette smoking, 2.05 (1.21–3.45). The risk factors for SDB were similar
to that of snoring.
Conclusion: Population risk factors associated with habitual snoring and SDB in
Singapore are largely similar to those reported in other populations. Differential
risks underscore the importance of ethnicity in determining the burden of SDB.
& 2004 Elsevier Ltd. All rights reserved.
Introduction
Demographic and clinical risk factors associated
with sleep-disordered breathing (SDB) or obstruc-
tive sleep apnea are well documented in many
epidemiological studies conducted in Western
populations.1–5 Obesity, in particular central obe-
sity and male gender are important predispositions
for OSA.1–8 Other risk factors include increasing
age, a family history of OSA,6,9,10 race,6,11–13
tobacco and alcohol use,6,14,15 sleep deprivation16
and hypertension.6,17,18
Limited information on the risk factors of SDB in
Asian populations has been derived mainly from
studies performed on selected cohorts such as
male office workers,19 bus drivers20 and medical
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inpatients.21 To our knowledge, population-based
study on risk factors for SDB in Asian has not been
previously reported.
The objective of this population-based inter-
viewer-administered questionnaire survey was to
investigate the risk factors of habitual snoring and
SDB in the multi-ethnic Asian population in Singa-
pore. The population prevalence of snoring and SDB
had been published.22 This study reports the
comparative risk factors associated with SDB in
three ethnic groups.
Materials and methods
Subjects
The subjects were selected from a random sample
of adults who were residents in public housing
apartments in five residential estates in Singapore.
Over 92% of the population of Singapore live in
publicly subsidized owner-occupied apartments.
The sampling methodology employed an area-
clustered, two-stage, stratified, disproportionate,
random sampling strategy such that older persons
and ethnic minorities such as Malay and Indians
were over-sampled. This provided approximately
equal numbers of persons in each ethnic and 10-
year age group for the sample, so that precise
sample estimates of the rates for these subgroups
could be derived based on large numbers of
persons. Within each housing estate (area), a
random sample of one in 10 apartment blocks was
chosen and stratified random sampling of apart-
ment units and occupants was employed to obtain
one eligible adult in each household for interview.
The response rate was 65% with most of the non-
responses due to occupants ‘‘not-at-home’’. These
non-contactable households were ascertained to be
largely due to non-occupancy of the selected
housing units because of the high level of residen-
tial and travel mobility of the population. However,
only 4% of the subjects on the sampling list refused
to be interviewed. The available data for compar-
ing the non-responders with responders in the study
sample were limited to housing types, and these
suggested that the responders were very similar to
non-responders in this respect. Furthermore, the
gender and age distributions of the study sample
were remarkably similar to that of the general
population. Among the elderly subjects (60–74
years) in the study sample, there were more
females than males in the Chinese sub-sample,
but more males than females in the study sub-
samples of Malays and Indians. This reflected the
actual census population distribution.22
Interview questionnaire
Trained investigator interviewed the subjects in
their homes by administering a structured ques-
tionnaire that contained questions on snoring and
symptoms of breath cessation during sleep, namely
kicking and moving around during sleep, choking,
gasping and appearing suffocated, or abrupt awa-
kenings in the middle of sleep. The description of
these symptoms was corroborated by someone at
home who shared the room or bed with the
respondent. Reported histories of hypertension
and self-reported height and weight were also
obtained. Neck circumference was measured with a
tape measure, at the level of the cricoid cartilage.
The frequencies of sleep breathing disturbances
were graded in 6 steps from never to always (every
night) as described previously.22 Habitual snoring
was defined as frequent loud snoring occurring at
least 3 nights per week, consistent with the
definition employed in other studies.2
SDB was also defined operationally in 2 ways
similar to the symptom-based clinical designations
of sleep apnoea syndrome used in previous
studies:23,24 (i) frequent loud snoring and sleep
disturbances reported as breath cessations leading
to incomplete or full arousals, manifested by
kicking and moving around during sleep, choking,
gasping and appearing suffocated, or abrupt awa-
kenings in the middle of sleep (apnoeic symptoms),
designated as SDB-I; (ii) snoring and sleep dis-
turbances, or snoring and diurnal hypersomnia
(involuntary daytime sleep spells due to excessive
daytime tiredness occurring more than 3 times a
week, feeling the urge to sleep during the day,
having to take naps during the day, falling asleep
when relaxed before or during dinner, or in social
situations, or while driving), designated as SDB-II.
Statistical analysis
We examined the association of multiple explana-
tory variables on snoring and ‘SDB’ using multiple
logistic regression techniques. The results were
presented as odds ratio (OR): point estimates and
95% confidence interval (CI). Both the unadjusted
OR and adjusted OR (corrected for gender, age,
ethnicity and family history, and additionally for
body mass index (BMI) and hypertension in separate
models) were calculated, using the Statistical
Analysis Software (SAS) system.
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Table 1 Study sample: demographic description and risk factors prevalence for the 3 ethnic populations.
Chinese N (%) Malay N (%) Indian N (%) Total N (%)
All subjects 805 774 719 2298
Gender
Female 472 (41.4) 360 (53.5) 362 (50.4) 1194 (52.0)
Male 333 (58.6) 414 (46.5) 357 (49.6) 1104 (48.0)
Age
20–39 337 (41.9) 355 (45.9) 328 (45.6) 1020 (44.4)
40–59 353 (43.8) 294 (38.0) 296 (21.2) 943 (41.0)
60–74 115 (14.3) 126 (16.1) 95 (13.2) 335 (14.6)
Family history of snoring 146 (18.1) 151 (19.5) 144 (20.0) 441 (19.2)
Obesity (BMIX30) 25 (3.1) 59 (7.6) 59 (8.2) 143 (6.2)
Hypertension 79 (9.1) 85 (11.0) 88 (12.2) 245 (10.7)
Wide neck circumference 35 (4.3) 64 (8.3) 48 (6.7) 147 (6.4)
Current daily cigarette
None 677 (84.1) 553 (71.4) 604 (84.0) 1834 (79.8)
1–19 91 (11.3) 173 (22.3) 89 (12.4) 353 (15.4)
X20 37 (4.6) 48 (6.2) 26 (3.6) 111 (4.8)
Alcohol
None or rarely 362 (45.0) 434 (56.2) 303 (42,3) 1099 (47.8)
Less often than once a week 399 (49.6) 330 (42,7) 359 (50.1) 1088 (47.3)
Once a week or more 44 (5.5) 8 (1.0) 55 (7.7) 107 (4.6)
Current asthma 57 (7.1) 72 (9.3) 73 (10.1) 202 (8.8)
Supine position during sleep 287 (35.6) 239 (30.9) 218 (30.3) 744 (3.2)
Number of pillows
None or one 750 (93.2) 613 (79.2) 588 (81.8) 1951 (84.0)
Two or more 55 (6.8) 161 (20.8) 131 (18.2) 347 (15.1)
Shift work 79 (9.8) 123 (15.9) 145 (20.2) 347 (15.1)
Solvent exposure
None or rarely (o1/month) 739 (91.8) 714 (92.2) 657 (91.4) 2110 (91.8)
Occasionally (1–3/month) 40 (5.0) 34 (4.4) 33 (4.6) 107 (4.6)
Frequently (X1/week) 26 (3.2) 26 (3.4) 29 (4.0) 81 (3.5)
Regular coffee drinking
None 258 (32.0) 293 (37.9) 204 (28.4) 755 (32.8)
1–2 cups/day 440 (54.7) 347 (44.8) 107 (56.8) 1195 (52.0)
X3 cups/day 107 (13.3) 134 (17.3) 107 (14.9) 348 (15.1)
Regular tea drinking
None 497 (61.7) 317 (41.0) 325 (45.2) 1139 (49.6)
1–2 cups/day 273 (33.9) 353 (45.6) 345 (48.0) 971 (42.2)
X3 cups/day 35 (4.4) 104 (13.4) 49 (6.8) 188 (8.2)
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Table 2 Analysis of risk factors associated with habitual snoring.
Cases Non-cases Unadjusted odds
ratio (95% C.I.)
Adjusted odds
ratio (95% C.I.)n
Adjusted odds
ratio (95% C.I.)w
Gender
Female 51 1143 1.00 1.00 1.00
Male 150 954 3.52 (2.58–4.82) 3.69 (2.63–5.18) 3.79 (2.69–5.33)
Age
20–39 64 959 1.00 1.00 1.00
40–59 87 856 1.52 (1.09–2.12) 1.69 (1.19–2.38) 1.49 (1.05–2.12
60–74 50 285 2.62 (1.79–3.84) 2.52 (1.68–3.77) 2.15 (1.41–3.29)
Ethnicity
Chinese 51 754 1.00 1.00
Malay 70 704 1.47 (1.01–2.14) 1.26 (0.86–1.86) 1.14 (0.78–1.67)
Indian 80 639 1.85 (1.29–2.66) 1.70 (1.17–2.48) 1.54 (1.05–2.25)
Family history
No 145 1712 1.00 1.00
Yes 56 385 1.72 (1.24–2.38) 2.16 (1.53–3.05) 2.21 (1.56–3.12)
Obesity (BMI X30)
No 176 1979 1.00 1.00 1.00
Yes 25 118 2.38 (1.51–3.78) 2.70 (2.13–4.78) 2.64 (1.62–4.30)
Hypertension
No 163 1899 1.00 1.00 1.00
Yes 38 208 2.12 (1.46–3.08) 1.67 (1.10–2.52) 1.45 (0.95–2.20)
Wide neck circumference
No 176 1975 1.00 1.00 1.00
Yes 25 122 2.30 (1.47–3.59) 2.57 (1.59–4.11) 2.00 (1.22–3.27)
Current daily cigarette
None 137 1697 1.00 1.00 1.00
1–19 41 312 1.63 (1.13–2.35) 1.05 (0.70–1.58) 1.20 (0.79–1.81)
X20 23 88 3.24 (2.03–5.16) 1.92 (1.14–3.24) 2.18 (1.28–3.71)
Alcohol
None or rarely 80 1019 1.00 1.00 1.00
Less often than once a week 106 982 1.37 (1.02–1.86) 1.14 (0.83–1.56) 1.12 (0.82–1.54)
Once a week or more 15 92 2.08 (1.16–3.71) 1.07 (0.57–2.00) 1.08 (0.58–2.04)
Current asthma
No 175 1921 1.00 1.00 1.00
Yes 26 176 1.62 (1.05–2.51) 1.26 (0.91–2.27) 1.36 (0.86–2.16)
Supine position
No 131 1423 1.00 1.00 1.00
Yes 70 674 1.13 (0.83–1.53) 0.90 (0.69–1.30) 0.94 (0.67–1.30)
Number of pillows
None or one 157 1794 1.00 1.00 1.00
Two or more 44 303 1.66 (1.17–2.36) 1.37 (0.94–2.00) 1.33 (0.91–1.94)
Shift work
No 161 1790 1.00 1.00 1.00
Yes 40 307 1.45 (1.01–2.09) 1.34 (0.91–1.96) 1.25 (0.85–1.84)
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Results
A total of 2298 subjects were studied. The
demographic distribution of adults in the sample
(n ¼ 2298) and the census general population
(n ¼ 1; 779; 750) at the time of the study had been
described in detail in a previous publication.22
Snoring was reported by 201 subjects (6.8%) in the
sample, SDB-I in 44 (1.9%) and SDB-II in 112 (4.9%).
The prevalence of the individual risk factors in the
3 ethnic groups are shown in Table 1.
Risk factors for habitual snoring
Details of the significant risk factors associated
with snoring are shown in Table 2. The adjusted
odds ratio (95% C.I.) of association were: male
gender, 3.79 (2.69–5.33); older age (460 years
old), 2.15 (1.41–3.29); Indian versus Chinese, 1.54
(1.05–2.25); family history, 2.21 (1.56–3.12); obe-
sity (BMI430), 2.64 (1.62–4.30); wide neck circum-
ference (440 cm), 2.00 (1.22–3.27); and cigarette
smoking, 2.18 (1.28–3.71). Hypertension was
not independently associated with snoring, 1.45
(0.95–2.20). Other factors such as the presence of
current asthma, regular coffee and tea drinking,
occupational factors such as shift work and solvent
exposure were not found to be associated with
habitual snoring.
Risk factors for SDB syndromes (SDB-I and
SDB-II)
Risk factors associated with SDB-I and SDB-II are
shown in Tables 3 and 4, respectively. Male gender,
family history, obesity, wide neck circumference,
current heavy smoking (420 cigarette/day), and
current asthma are consistently associated with
increased risk of both SDB-I and SDB-II. Older age
(460 years), Indian versus Chinese and shift work
were associated with SDB-II but not SDB-I. Alcohol
intake of at least a week was associated with only
SDB-I. Hypertension, supine sleep position, sleeping
on two or more pillows, solvent exposure, regular
coffee and tea drinking were not associated with
the SDB syndromes.
Discussion
This study showed that male gender, older age,
ethnicity, family history, obesity, cigarettes smok-
ing are common risk factors associated with snoring
and SDB syndromes. Regular alcohol consumption
and the presence of current asthma are additional
risk factors for SDB. The design of the study
permitted the conclusion that such risk factors
occur in the population at large, extending the
information provided by previous studies in se-
lected Asian populations.19–21 The study also
yielded comparative data for 3 ethnic groups in a
multi-ethnic population and information on pre-
viously unknown risk factors for SDB in the Malay
and Indian populations.
The spectrum of risk factors in this study are
similar to that in white populations, in particular
the strong association of snoring and sleep apnoea
syndrome with male gender, increasing age, obe-
sity, family history and tobacco use. Obesity
was observed to be strongly and independently
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Table 2 (continued)
Cases Non-cases Unadjusted odds
ratio (95% C.I.)
Adjusted odds
ratio (95% C.I.)n
Adjusted odds
ratio (95% C.I.)w
Solvent exposure
None or rarely (o1/month) 178 1932 1.00 1.00 1.00
Occasionally (1–3/month) 12 95 1.37 (0.73–2.55) 1.37 (0.73–2.60) 1.37 (0.72–2.63)
Frequently (X1/week) 11 70 1.70 (0.89–3.28) 1.44 (0.70–2.83) 1.57 (0.79–3.11)
Regular coffee drinking
None 70 685 1.00 1.00 1.00
1–2 cups/day 89 1106 0.79 (0.57–1.09) 0.76 (0.54–1.07) 0.74 (0.53–1.05)
X3 cups/day 42 306 1.34 (0.90–2.01) 1.14 (0.75–1.74) 1.20 (0.78–1.83)
Regular tea drinking
None 86 1053 1.00 1.00 1.00
1–2 cups/day 91 880 1.27 (0.93–1.72) 1.08 (0.79–1.49) 1.09 (0.79–1.51)
X3 cups/day 24 164 1.79 (1.11–2.90) 1.18 (0.71–1.95) 1.17 (0.70–1.94)
nAdjusted for gender, age, ethnicity, and family history.
wAdjusted for gender, age, ethnicity, family history, BMI and hypertension.
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Table 3 Analysis of risk factors associated with sleep disordered breathing I (SDB-I)n.
Cases Non-cases Unadjusted odds
ratio (95% C.I.)
Adjusted odds
ratio (95% C.I.)w
Adjusted odds
ratio (95% C.I.)z
Gender
Female 30 1074 1.00 1.00 1.00
Male 14 1180 2.35 (1.24–4.46) 2.37 (1.22–4.57) 2.48 (1.28–4.81)
Age
20–39 17 1003 1.00 1.00 1.00
40–59 15 928 0.95 (0.47–1.92 1.06 (0.52–2.15) 0.92 (0.45–1.90)
60–74 12 323 2.19 (1.04–4.64) 2.17 (1.01–6.45) 1.97 (0.88–1.97)
Ethnicity
Chinese 7 798 1.00 1.00 1.00
Malay 19 755 2.87 (1.20–6.83) 2.47 (1.02–5.97) 2.13 (0.87–5.17)
Indian 18 701 2.93 (1.21–7.05) 2.65 (1.09–6.43) 2.32 (0.95–5.64)
Family history
No 26 1831 1.00 1.00 1.00
Yes 18 423 3.00 (1.63–5.52) 3.41 (1.83–6.36) 2.84 (1.53–5.28)
Obesity (BMI X30)
No 37 2118 1.00 1.00 1.00
Yes 7 136 2.95 (1.29–6.73) 2.84 (1.53–5.28) 2.84 (1.53–5.28)
Ever hypertension
No 37 2015 1.00 1.00 1.00
Yes 7 239 1.59 (0.70–3.62) 0.98 (0.41–2.36) 0.98 (0.41–2.36)
Wide neck circumference
No 32 2119 1.00 1.00 1.00
Yes 12 135 5.89 (2.57–11.69) 6.27 (3.08–12.78) 5.06 (2.40–10.66)
Current daily cigarette
None 26 1808 1.00 1.00 1.00
1–19 8 345 1.61 (0.72–3.59) 1.43 (0.58–3.52) 1.66 (0.67–4.13)
X20 10 101 6.89 (3.23–14.67) 5.91 (2.45–14.24) 6.95 (2.83–18.38)
Alcohol
None or rarely 15 1084 1.00 1.00 1.00
Less often than once a week 23 1065 1.56 (0.81–3.01) 1.41 (0.72–2.77) 1.40 (0.72–2.76)
Once a week or more 6 101 4.29 (1.63–11.31 3.49 (1.19–10.22) 3.73 (1.26–11.01)
Current asthma
No 356 2061 1.00 1.00 1.00
Yes 9 193 2.75 (1.30–5.80) 2.34 (1.08–5.05) 2.31 (1.07–5.00)
Supine position
No 26 1528 1.00 1.00 1.00
Yes 18 726 1.46 (0.79–2.67) 1.36 (0.73–2.54) 1.33 (0.71–2.49)
Number of pillows
None or one 32 1919 1.00 1.00 1.00
Two or more 12 335 2.15 (1.10–4.21) 1.48 (0.74–2.98) 1.44 (0.72–2.89)
Shift work
No 37 1914 1.00 1.00 1.00
Yes 7 340 1.06 (0.47–2.41) 0.91 (0.39–2.09) 0.86 (0.37–2.00)
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associated with both snoring and SDB, a finding
shown consistently in previous studies.1–5 However,
the relative role of obesity in SDB in Asians is
unclear. A tentative comparison of the odds ratio in
our subjects with those reported in the western
populations would suggest that the magnitude of
the association of SDB to obesity could be smaller.23
This observation has also been noted in middle-
aged Chinese office workers in Hong Kong.19 The
authors had hypothesized that the pathogenesis of
OSA may be different for Asians compared to the
whites, with facial characteristics assuming a
greater pathogenic significance in Asians.
We observed that the two measures of obesity:
BMI a general measure of obesity, and wide neck
circumference (440 cm), a measure of central
obesity have yielded quantitatively different va-
lues. A wide neck circumference remained strongly
associated with snoring and SDB even after adjusting
for BMI, although it would seem to be more selectively
linked to SDB than to snoring alone. This suggests that
neck circumference was an independent predictor
of SDB apart from its association with obesity.
The risk for SDB in the male subjects in this study
is similar to that reported in other general
population studies where the male predominance
for SDB is two to three times that in the female.6
We also found a positive family history to be an
independent and consistent risk, similar in magni-
tude to two–four-fold risk reported in other
published studies.6,9,10
The importance of ethnicity in SDB or sleep
apnoea is poorly understood. Population-based
studies suggest that prevalence of obstructive sleep
apnoea is as high as or higher in African–Americans
compared with Caucasians.6,11–13 In this study we
had the opportunity to examine the correlations
between SDB and ethnicity within the Asian
population. We found that Indian race was asso-
ciated with a higher risk of snoring and SDB
compared with the Chinese (the majority race in
Singapore). The association remained significant
even after adjustment for age, BMI and hyperten-
sion, suggesting that ethnicity may be an indepen-
dent risk, even though the prevalence of general
obesity (BMI430) and central obesity (wide neck
circumference) in the Indian was almost twice that
compared with the Chinese. The interaction of
these risk factors remains unknown. The other
minority race in this country, Malays, also showed a
tendency to an increased risk of SDB compared to
the Chinese, but the association did not reach
statistical significance. Unfortunately, there are no
data on prevalence of SDB or sleep apnoea in other
Indian or Malay populations for comparison. The
relative importance of environmental factors such
as diet and lifestyle, and genetic factors in
determining the ethnic difference in the risk of
SDB is unknown.
A potential criticism of this study method is the
failure to employ a gold standard diagnostic test,
namely, an overnight polysomnography (PSG) for
the diagnosis of SDB. The asymptomatic subjects in
this study therefore cannot be strictly considered
to be disorder-free ‘controls’ because they may
include some with early SDB that could only be
demonstrated by objective sleep measurements.
However, the use of overnight PSG is difficult and
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Table 3 (continued)
Cases Non-cases Unadjusted odds
ratio (95% C.I.)
Adjusted odds
ratio (95% C.I.)w
Adjusted odds
ratio (95% C.I.)z
Solvent exposure
None or rarely (o1/month) 40 2070 1.00 1.00 1.00
Occasionally (1–3/month) 2 105 0.99 (0.23–4.13) 1.04 (0.24–4.44) 1.01 (0.49–2.07)
Frequently (X1/week) 2 79 1.31 (0.31–5.52) 1.00 (0.23–4.35) 1.10 (0.25–4.82)
Regular coffee drinking
None 16 739 1.00 1.00
1–2 cups/day 16 1179 0.63 (0.29–1.26) 0.65 (0.32–1.33) 0.66 (0.32–1.35)
X3 cups/day 12 336 1.65 (0.77–3.52) 1.56 (0.72–3.40) 1.68 (0.77–3.70)
Regular tea drinking
None 21 1118 1.00 1.00 1.00
1–2 cups/day 18 953 1.01 (0.37–1.64) 0.82 (0.43–1.57) 0.81 (0.59–1.56)
X3 cups/day 5 183 1.45 (0.54–3.91 0.89 (0.32–2.48) 0.88 (0.32–2.46)
nFrequent loud snoring with apnoeic episodes.
wAdjusted for gender, age, ethnicity and family history.
zAdjusted for gender, age, ethnicity, family history, BMI and hypertension.
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Table 4 Analysis of risk factors associated with sleep disordered breathing II (SDB-II)n.
Cases
(N-112)
Non-cases
(N ¼ 2186)
Unadjusted odds
ratio (95% C.I.)
Adjusted odds
ratio (95% C.I.)w
Adjusted odds
ratio (95% C.I.)z
Gender
Female 36 1158 1.00 1.00 1.00
Male 76 1028 2.38 (1.60–3.53) 2.42 (1.59–3.68) 2.54 (1.66–3.87)
Age
20–39 38 982 1.00 1.00 1.00
40–59 43 900 1.23 (0.79–1.93 1.35 (0.86–2.12) 1.15 (0.72–1.82)
60–74 31 304 2.64 (1.64–4.24) 2.62 (1.58–4.32) 2.15 (1.26–3.65)
Ethnicity
Chinese 25 780 1.00 1.00 1.00
Malay 41 733 1.75 (1.06–2.88) 1.53 (0.91–2.56) 1.34 (0.79–2.25)
Indian 46 673 2.13 (1.31–3.47 1.97 (1.19–3.27) 1.74 (1.04–2.89)
Family history
No 74 1783 1.00 1.00 1.00
Yes 38 403 2.27 (1.53–3.38) 2.67 (1.76–3.27) 2.73 (1.79–4.17)
Obesity (BMI X30)
No 94 2061 1.00 1.00 1.00
Yes 18 125 3.165 (1.90–5.25) 2.41 (1.61–3.59) 2.41 (1.61–3.59)
Ever hypertension
No 89 1963 1.00 1.00 1.00
Yes 23 223 2.27 (1.43–3.63) 1.47 (0.87–2.49) 1.47 (0.87–2.49)
Wide neck circumference
No 91 2060 1.00 1.00 1.00
Yes 21 126 3.77 (2.35–6.07) 4.06 (2.40–6.88) 3.13 (1.81–5.41)
Current daily cigarette
None 78 1756 1.00 1.00 1.00
1–19 20 333 1.35 (0.82–2.24) 1.05 (0.61–1.84) 1.21 (0.69–2.13)
X20 14 97 3.25 (1.83–5.77) 2.34(1.21–4.52) 2.70 (1.38–5.24)
Alcohol
None or rarely 44 1055 1.00 1.00 1.00
Less often than once a week 58 1030 1.35 (0.90–2.01) 1.16 (0.95–1.76) 1.15 (0.76–1.74)
Once a week or more 10 97 2.47 (1.23–4.14) 1.58 (0.64–3.42) 1.65 (0.76–3.58)
Current asthma
No 91 2005 1.00 1.00 1.00
Yes 21 181 2.56 (1.58–5.80) 2.23 (1.33–3.74) 2.15 (1.28–5.00)
Supine position
No 74 1480 1.00 1.00 1.00
Yes 38 706 1.08 (0.72–1.61) 0.97 (0.64–1.47) 0.96 (0.63–1.46)
Number of pillows
None or one 83 1868 1.00 1.00 1.00
Two or more 29 318 2.05 (1.32–3.18) 1.59 (1.01–2.51) 1.54 (0.97–2.44)
Shift work
No 84 1867 1.00 1.00 1.00
Yes 28 319 1.95 (1.25–3.04) 1.81 (1.14–2.88) 1.74 (1.09–2.79)
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expensive if not impossible in a large population
study. Furthermore, combinations of habitual snor-
ing, nocturnal gasping or choking, witnessed
episodes of apnea and daytime sleepiness have been
shown to be strongly predictive of an important
degree of OSA and sleep symptom questionnaires
have also been usefully employed in population
studies of sleep breathing related disorders.25–27
In conclusion, this study reports on the risk
factors associated with habitual snoring and sleep
breathing-related disorders in Singapore, which are
consistent with those reported in other popula-
tions. Higher risks of these disorders are found in
the Indian compared with the Chinese. Such
differential risks underscore the importance of
ethnicity in determining the burden of SDB, though
the role of ethnicity in the pathogenesis of SDB
remains to be elucidated.
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